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0 TransformaUon vectors for yeast yarrowla. 



© The present invention relates to a hybrid ONA sequence comprising a new metalraiic gene and preferably 
the SUC2 gene, under the control of a promoter and signal sequence functional in a Yarrowia strain. 

The present invention concerns too the process of obtaining these Yarrowla strains transformed with a hybrid 
□NA sequence. 
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The present invention deals with \ha transfwination of Yarrowia with hybrid DNA sequences carrying 
heterologous genes coding for metaboHc activities new to Yarrowia (hereinafter "new metaboiic genes") and 
with uses of said new mataboHc genes. 

Transfcumatian of the IrxjustriaJ yeast Y. iipolytica has t^een set up usir^ the S. cerevisi^ LYS2 gene 

s (Qaillardin et al. 1985) and the Y. ^poryticaTEU2 gene (Davidow et al. 1985). SicKelhen. other biosynthetic 
genes such as 810. URA3 . Hl5l (Davittow et al. 1987). LYS5 pCuan et a!. 1988) have been ctoned and 
isolated . TY^se cfoned genes ccuM t>e used as selective markers into suttabie recipients, in all cases 
studied, transformation resulted from integration of the vectc^s) into the chromc^ome of the host. 

While the numtser of selective markers available is Increasing, there is a need for universal markers for 

10 transformation. Indeed, dominant selective marker are useful f<y ttm transformation of strains where 
iftduction of auxotro{^tc mutations is either difficult or undesirable, tt could also be important if isogenic 
strains are ctesired or to avoid to recover conversions and reversiws. Y. lipotytica was unfortunately found 
to be resistant to most antibiotics commonly used in S. cerevisiae. inciudmg chU^BmpnenJcol or G418 
(Cohen et al. 1980 : Jimenez and Davies 1980). The inventors have reported the development of a visual 

75 marker using the lacZ gene of E. coli expressed ufKler the LEU2 promcter which produces blue colonies in 
the presefKe of Xgal as well aslhTexpression of a gene conferring phleomyctn resistance in Y. iipolytica • 
(Qaillardin and Ribet 1987). Direct selection of Phleo** transformants was possible on 15 mg l"phfeomycin. 
However, using this concentration at least half of the Phleo'* ctones obtair^ results form spomaneous 
Phieo" mutations in the recipient strains. The frequency of these false transformants was decreased by 

30 using an expression phase t>efore plating. The draw t>ack was a 60 fokf reduction In the transformation 
frequertcy. Moreover, it remains the possibility of inducing mutations, since phleomycin induces double 
strand breaks in the ONA (h^cht 1986). So. the purpose of the present invention is the devek)pment of 
another type of selection. 

Y. Iipolytica is a dimorphic yeast which can grow on a limited number of carbon sources, includirtg 
35 glucose and glycerol, paraffines such as n-alkanes and alkenes (Klug and Markovetz 1967. 1969 : Bassel 
and Mortimer 1973). Hpids arKj proteins (Ogrydziak et al. 1977) but not sucrose. To degrade proteins, 
depending on growth conditions. Y. Iipolytica secretes proteases (Ahear et al. 1968. Kamada et ai. 1972). 
' For example, in alkaline medium. It secretes an Alkaline Extracellular Protease (AEP) (Tot^e et al. 1976; 
Ogrydziak et al. 1977. Ogrydziak and Schaf 1982). The corresponding ger^e. XPR2 , has been cloned 
30 independently by Davidow et al. (1987). Matoba et ai. (1988) and in our laboratory. 

In this patent it its descrit^ the expression and secretion in Yarrowia especially Y. Iipolytica of new 
metat^otic genes, especially of the S. cerevisiae SUC2 gene under the control of a promoter especially the 
promoter and signal sequences of the XPR2 gene! 

The expression of the invertase activity confers a sucrose utilizing (Sue ) phenotype. Invertase activity 
35 follows the same regulation as AEP activity and is secreted into the penptasm with only about 10 % 
secreted into the culture medium, ttie chimenc invertase gene was used as a dominant marker for 
transformation in a one step procedure. 

This is a reason why in the present invention the hybrid DNA sequence comprising the SUC2 gene is 
preferably under the control of a promoter and signal sequerKe functional in Yarrowia especially m a Y. 
40 li(K)lytica strain. 

Although different promoters and signal sequerKes may be used the promoter and sequences prefered 
are those with which the expression product of SUC2 gene is expressed mainly in the pen plasm of Yarrowia 
if necessary under specific culture conditions. For example, the use of promoter and signal sequence of 
XPR2 is especially appropriated, it is to be noted, however, that use of the pre and prepro sequence of 
45 XPR2 results in secretion of gene products into the medium {Franka et al. 1988 -Developments in Industrial 
Mk:robiok3gy 29. 43-57). Said hybrid DNA sequence may be used as a dominant marker for several uses. 

Said hyt»ld ONA sequence may used for integration using homologous recombination. In this case, 
the hybrid DNA sequence must be flanked by DNA regions homotogous to a DNA region present in the 
genome of the recipient Yarrowia strain, 
so Said hybrid ONA sequence may be used also on a plasmid comprising a ARS regimi for autonomous 
replication. Said ARS may t^e of genomic origin or from a plasmidic ongin. In this case, the marker may t>e 
used to maintain the plasmid without using an antibiotic pressure in the culture medium. 

The XPR2 promoter and signal sequence could be used to target periptasmic secredon in Y. Iipolytica 
of the S. cerevisiae invertase encoded by the SUC2 gene. ~^ 
55 Invertase production in Y. iipolytica strains transformed by the chimeric plasmid is sufficient to altow 
growth on sucrose although yT Iipolytica does not grow on sucrose as a sole cart>on. 

As in 8. cerevisiae . invertase activity remained mainly in the periplasm and cell wall with only 10 % 
secreted into the culture medium. Invertase production follows the same regulation as the AEP iTolse et al. 
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1976 ; Ogrydziak et al. 1977 ; Ogrydziak and Scharf I8ffi). Since secretin of very Irttte invertase activity is 
sufficient to altew growth on sucrose (Robinson et al. 1988), absence of growth of transformants in YNBSa 
Indicates a very light regulation of Ihe promoter. AEP activrty in YNB medium is not observed. UtOe 
expression was observed in YNBP, and a 200 fold ampliftcaticwi is obtained in YPDm confirming that the 
5 XPR2 promoter is a strong and well regulated promoter. 

Therefore the SUC2 gene, as an example of a dwninant screenabie marker, can be used in YJi^fytfca 
and this marker presents several advantages : 

- At most a 2 fold reduction of the transformation freqi^ncy with Leu* vs. Sue* selection, while with the 
phleomydn resistance selection a W fokJ rediK:tion of the transformation fr^ency was observed 

70 (Qailiardin and Ribet 1887). 

- All Sik:* strains are transformants since no Invertase gene is present in Y.llpolytica and we never 
observed appearance of spontaneous Sue* ctofws. We thus could eiirrunate the problems 6m to sponta- 
necHiS resistance which obscured the phteomyctn selection, but also those due to conversitKi events, 
reversion or ieaWness of mutation potentially associated with conventlonaJ auxotrophic markers. 

15 Said Invention using the invertase fuston or other new metabolic g^e coukl be used in any prototrophic 
or auxotrophic Y. tipolytica strains as a dominant marker for transformation. Such a fusfon couW also be 
used as dmninant marker for genetic mapping experiments or gene disruption : for example isogenic 
URA3**'ura3~ strains could be obtained by gene replacement with an ura3 : XPR2-SUC2 disrupting vectc^ 
at the wikl type URA3* locus. And finally prodiKitlon of a new metabolic gerwa product such as invertase by 

20 these strains allows utilization of a new substrate by the industrial yeast Y. lipolytica /especially sucrose 
and some material containing suaose such as black strap molasses and tseet molasses. 

The use of Yarrowia lipolytica for expression of foreign proteins has been disclosed in detail in the 
previous patents and the new metabolic genes of the present invention may be used in the construction 
descrlt^ed previously. 

n The followlr^ examples will help to understand other advantages and characteristics of the invention. 
Fig. 1 : A,B. Sequence of the upstream regim of the XPR2 gene. 
A: Nucleotide sequence and amino acW translation of the 553bp Xho li- Bgl ll fragment of the Y. lipolytica 
XPR2 gene cloned In phage M13mpl8 (M13mp18-X4). Part of the M13mpl8 muitisite is underlined. The 
BamHI site which has been recreated in s' and the 3* Sail site were used for the construction of plNAl6S. 

00 The position of the EcoRV site used in the construction of pINAlSO ai\6 plNAl66 (see Rg. 2) is indicated. 
Perfect matches with the mutagenic primer used to Introduce a Hindlll site at th» signal sequence cleavage 
site have been indicated by 0 above the sequence. 

B: Nucleotide sequence and amino acid translation of the surrounding region of the putative signal 
sequence cleavage site (indicated by an arrow In A) and the corresponding mutated sequence. Above is 

35 indicated the fusion site with the SUC2 gene. 

Rg. 2: construction of the chimeric plasmtd (plNA169) for the expression of the S. cerevisiae SUC2 
gene In Y. lipolytica . A: (-) pBR322 ONA, ( 'tT. ) Y. lipolytica XPR2 promoter from pINAIOS. (••) LEU2 
sequence from plNA62 and the SUC2 gene from pRBSS. B: schematic map of the phage Ml3mpi8-X4 and 
its mutagenized derivative M13mp18-X4m presenting the new PstI and Kind lll restriction sites. 

40 Rg. 3: R estriction map of the plasmid plNA169 carrying the chfmeric fusjon. Symbols are: ( tBB) 

pBR322, (.^ ) XPR2 . ( ) l^U2 and ( ) SUC2 sequences. 

Rg. 4: Production of invertase activity by Y. lipolytica strain JM58 canying the SUC2 gene integrated 
at the XPR2 locus. Strain JM58 was grown at 28 C in YNBP*» S ( ). YPDmG ( mO ) and YPDmS ( 
a/A ). Growth is indicated as full symbols and activity as empty symbols. 

45 Rg. 5: Constructkjn of plasmid plNA 302. 

The hybrid DNA sequence composed of the SUC2 gene under the control of the XPR2 promoter and signal 
sequence was isolated on a Nrul-Sal fragment and inserted in the URA3 gene between the EcoR V and 
Xhol sites. 

Rg. 6: Construction of plasmid plNA270 and plNA322. 

50 

MATERIALS AND METHODS 



56 Strains and plasmids 

Y. Ilpolytfca strain JM12 used was derived form a cross between 21501-4 (Xuan et al 1988) and W29 
ura3M8 (our laboratory) as being phenotypically Ura3~. Lys5". Leu2". Xpr* and highly transformable with 
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plNA62. Y. Op(tfytica strains were conslriKrted u^ng standard genetic techniques (GaiHardm et al. 1973), 
genetic markers ^1 and teu2-35 derive from D. Ogrydziak's collection (Ogrydziak et al. 1982) arid form 
ATC 20888. The strain JM23 with no active copy of the XPR2 gene derives from JM 12 and '^vas 
constructed by gene di^ixption. using an XPR2 : Lys 5 vector (our laboratory). 
5 The Y. lipotytica XPR2 gene was isolated from partial genomic iltwraries of Y. Kpolytica ONA in pBR322 
uslr^ oligonucleotide prc^)es based on the N-terminal amino acid sequence of maturB Alkaline ExtriK»lKjlar 
Protease 

Plasmid plNAl52 canries the complete XPR2 gene on a 4»2Kb Psti fragment whereas pINAlOS contains 
only the s' half of the coding ^uence including promoter and presequences. 
10 Escherichia coji strain HB101 was usad for piasmW construction and propagation and TGi for phage 
preparations. 

Media . The foitowing media were used. YNB minimal ntedium is described in Sherman et ai. (1979), 
YNBQ and YNBS refer to this medium with glucose or sucrose (respectively) as cartK^ sources. YNBGPo. 
YNBSaPo . YNBSfPo are YNB media buffered at pH8.8 with SOmM phosf^ate buffer, the cartjon source 

16 being glucose (Q). or autoclavedfiltered saccharose (Sa'SO- Phosphate buffer (Po) and proteose peptone 
(1 .7g/l. Pp) were added to induce the AEP promoter. Minimal media were supplements as required with 
amino adds and bases 50mg/l except for leudne (200mg/l). YPDm correspond to the YPO medium 
(Gaillardln arnJ Ribet 1987) with the foltowing modmcations: yeast extract (Ig/I) and proteose peptone (50g,l). 
YPDmQ and YPOmS conrespond to YPOm with gliKXJse 10g/l or saccttarose 1(^1 as carbon source, 

20 respectively. 

E, coli meda were LB and M9 prepared as described in Miller (1972). Recomt^nant Mi 3 ph^e were 

grown on 2X TY medium (1.6% Difco Bactotryptone, 1% yeast extract. 0.5% f^laCI). 

DNA transformation . E. coli were transformed using the CaCt2 -method describe by f^iatis et al. 

(1982) or ttra mettod of Dagert and Ehrtk:h (1979). 
36 High freqi^ncy Y. lipolytica transformation was done essentially as de^tDS by Qaillardin et al. (1985). 

Xuan et al. (I98a)."ftapid transformation of Y. lipolytica was performed as follows: two loops of fresh 

growing cells from YMC plates ( yeast extinct (3g/i). proteose peptone (5g/i), mall extract (3gl) and sodium 

citrate (0.2g»l)J were resuspended in 1 ml TE (Tris lOmM, EDTA ImM pHS) in an 1.8ml eppendorf tube. 

Celts were spun down and resuspended in 80(XjI of O.IM lithium acetate pH6 (UAC). After one hour 
30 incutjation at 28' C. the cells were spun down and resuspended in 60ul of the same buffer. To 20ul of 

competent ceils, we added 2.5ul of carrier DNA and l.5ut of plasmid to be transform^ (about 0.1 ug). After 

incubation at 28* C for 15 min.. 300ul of PEG solution (PEG 40% in UAC buffer) was added. After 

incutjation at 28* C for one hour and at 39 ' C for 10 min. (heat shock), 800ul of litfiium buffer were added. 

Then. lOOul of the cells were plated on selective media. 

P''^''^o" - Piasmid DNA was prepared by ttie Holmes and Quigley (1981) procedure. DNA 

fragments were separated by electrophoresis on agarose and purified using a Gene Clean kit (OZYME) 

according to the manufacturer. 

Oligonucleotide mutagenesis . A 553 bp Xholl- Bglll fragment of plNAlOS spanning the 5 upstream 

region of XPR2 (see fig. 1A) was inserted into the replicative form of Ml3mp18 digestea by BamHI. the two 
40 orientations were obtained M13mp18-X4 and M13p18-X8. A 26 mere (5- 

CAQCATCAQAAQCTTCTGCAGGGQCG-3*) Oligonucleotide was kindly synthesized by 8. Dujon using the 

solid phase pfK^sphob'i&ster method (Efimov et al. 1983). Oligonucleotide mutagenesis was performed 

according to Eckstein's method (Taylor et al. 1985) using Amersham's kit. Mutagenized phage samples. 

grown from plaques selected at randorn. were applied to a niti'c^llutose filter (Mtllipore) and probed with 
45 the 5 end ^P labelled mutagenic otigonircleotide. The filter was ttwn exposed for autoradiography. Positive 

inserts were checked by DNA sequencing. 

Enzymes . Restriction enzymes, T4 DNA ligase. and DNA-polymerase I (Ktenow fragment) were 

purchased from Boehringer Mannheim and polynucleotide kinase from Amersham. The enzymes were used 

according to manufacturer's speafications. 
50 DNA sequem:ing . DNA sequencing was performed according to tiie Sanger dkleoxy method using 

M13mpi8 and Ml3mpl9 phages (Yanisch-Pen-on et al. 1985) as described in Sanger et al. (1977). "P- 

dCTP was used for labeling. 

Invertase essay . Invertase activity -a^s determined according to Werner et ai. (1970) using the test 

combination glucose from Boehringer Mannheim. Culture samples were taken during gro'Mh and cells 
55 recovered by centiifugation were resuspended in the assay buffer. Activity was determined in ttie 

supernatant and on whole cells(no differeru:e was observed between whole cells and broken ones). One unit 

of enzyme is defined as tiie amount of enzyme which produces an OD increase of 1 at 810 nm per min. at 

45' C. 
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EXAMPLE 1 : 



Construction of plNAi69 (see Rg. 2) 

5 

The S. cerevisiae SUC2 gene was [solated from the piasmid pRB 58 (Cartson znd Botstetn, 1982) and 
the Y. Rf^fytlca UED2 gene was isof^d from plasmfd plNA62 {Gaillardn amJ Ribet 1987). Pla^fd piNA 
105 "was the sou7ce7)f ttte XPR2 promotor and Ml3mpl8-X4m phage (see Rg. 1) for the S part of the 
XPfl2 gene and the ^gnal sequence with an Hind lll site for the fi/slon with the SUC2 ^ne. This site is 

10 tocated after the nriore fikely site for signal sequence cleavage site which is after Protrnei as determined 
with the met^ described by von IHeifne (1986). This mut^tlzed phage was obtained as described in 
Materials and Methods, This restriction site should gomrm a XPR2 signal seqtwm:e:: SUC2 in frame fusion 
as described in Rg.l.B. This fusion puts the 23 f^terminal amino adds from the XPR2 in front of invertase 
starting at amino add eleven (see Fig.18). 

rs The main part of the XPR2 promoter located on a I.^Kb Hlnd lll- Ecofl V fragment isotated from pINA 
105 was inserted in pBR322 (plNA150). 

The p8F^2 Hind lll site was efiminated by a Oal deletion (pINAISl). The 565 bp fragment canrying &ie 
new resUiction site in the signal sequence in Ml3mpl8-X4m (see oligonucleotide directed mutagenesis and 
Rg.1) was gel purified and inserted in the Satl-BamHI fragment frc^ pINAISI to generate piasmid plNA165. 

20 By deletion of the EcoRV fragment in plNAl85 we generatKl plasmid plNA166 which carries the XPR2 
promoter and the signal sequence followed by an Hind lll restrteticn site. Plasmid pINAIST resulted from the 
insertion of ttw 5.6Kb Sail fragment canying LEU2 from plNA62 (Gaillardin and Ribet 1987) into pINAiW. 
The (Mentation of l>EU2 was checked by EcoR I digestion. Then the 2Kb Hind lll fragment canrying the SUC2 
gene deleted of the ATG and part of the signal sequence (the HtfKl lll site is tocated at position 1 1 from the 

25 ATG; Taussig and Cartson 1983) was inserted downstream from the XPP2 promotor to generate plasmid 
plNA169. The desired orientation of the insertion was checked by BamH I- Bgl li digestion (see Rg. 3). 



EXAMPLE 2 : 

30 

EXPRESSION OF THE INVERTASE FUSION IN Y.UPOLYTICA 

Y. lipolytica strain JM23, (see Table 1) which is a strain with a disnjpted XPR2 gone was transformed 

35 eitheT with the chimeric plasmid plNA169 or with plNA62 as a control plasmid. In order to increase the 
transformation frequency, plasmids were linearized by digestion with a restrictksn enzyme prior to the 
transformation experiment. Plasmid plNA169 was targeted to the XPR2 kxus by cutting the plasmid at the 
unique Nhel site tocated in the XPR2 promoter region or at the Bgllll site located In the LEU2 sequence 
{fig.3). Plasmid plNA62 was linearized by Apal within the LEU2 sequence (Rg.3). With both piasmids. Leu* 

40 transformants were obtained at high rate,"abbut 30 000 transformants per ug of ONA (see also Table 3). 
However, differences were observed depending on the site of. tntegration. Indeed, using a rapid transforma- 
tion procedure, by Nhe! restriction integration occuned at the XPR2 tocus at a freqitency of 700 
transformantsAjg whereas by Bgill restriction integration occured at the LEU2 locus at a frequency of 1943 
transformants/ug. This difference could reflect the length of hwnolcgy shared by the plasmid and the target 

45 locus: there are 0.49 and 0.93Kb of homology with the XPR2 locus versus. 2.6 and 2.5Kb with the LEU2 
locus. Several hundred transformants obtained with each plasmid were streaked on YNB and tested for 
Sue* phenotype on YNBSa and YNBSaPo plates. No plNA62 transformants were able to grow on 
saccharose. All plNAl69 transformants were Sue* on YNBSP^ , whereas rK>ne were Sue* on YNBS after 
one week incubation. No differences were observed for the Sue* phenotype depending on the site of 

50 integration ( XPR2 or LEU2 locus). This result indicates that the SUC2 gene of S. cerevisiae confers a Sue* 
phenotype to Y. lipolytica . This phenotype was due to the expression of the SU52 gene which followed the 
same regulation as the AEP (see also the following section). Incteed, no expression of AEP was observed in 
YNB which paraiiels the absence of growth of transformants on YNBS. However, after two weeks of 
incubation of the plNAl69 transformants on YNBS. single colonies arose form the background. 

55 

EXAMPLE 3 
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Production and secretion of Invertase activity In piNA169 transformants 

To defins modia and conditions were the Sac* phem>type could be selected for directty after 
transformaticn. the medium must meet the following comfitions ; the invertase pnwJuction must be sufficient 

5 to permit growth, the level of extracellular invertase must be Bmltif^ to prevent aossfeeding and the Sue" 
strains must not grow. Ogrydaak and coilaborators (Ogrydziak et ai. 1977. Ogrydziak and Scharf 1982) 
reported about the regulation of protease production by cartKin, nitrogen, sulfur sources and pH. Invertase 
prodi^on have been measured during growth In several media in the presence of glucose or saccharose 
as carbon sources. In each medium about 10% of tf^ ^vity was obsen/ed in the culture broth whmas 

JO 90% of the activity could be recovered using whole oelis. Invertase activities found in the media tested are 
sifmm^ized in Table 2. 

T^ plasmtd ptNA 169 has been used to transform an & coli strain which has been refer^iced as E. 
coli INA Q 20765. 

ts Table 2 



Comparison of invertase 


production by Sue* 


transformants depending 


on growth medium. 


invertase artivity was 


measured in stationary 


phase and is exi^essed in 


unit per m! of culture. 


MEDIUM 


INVERTASE 




ACTIVITY 


YNBS 


no growth 


YNBP.G 


0.027 


YNBP.S 


0.02 


YNBP.PpG 


0.4 


YPD 


0.17 


YPDmQ 


0.8M.1 


YPDmS 


0.8-1.3 



No detectable invertase activity was observed in non buffered YNB with giucose or saccharose as a 
cartjon source. Various induction factors were obtained for invertase in pH 6.8 buffered YNB or on YPL 
40 media Fig.4 shows that maximum derepression occurred at the end of the exponential pnase and that the 
tcinetics of producbon is dependent of the medium. As shown in Table 2. medium YNBP presented the 
desired properties for direct selection. We have tt^erefore used this medium to test for the direct selection 
of transformants based on their Sue* phenotype. 

46 

EXAMPLE 4 : 



Selection of transformants with Sue* phenotype. 

50 

To test if the Sue* phenotype could be used as a selective marl<er. we transformed strain JM23 with 
plNA169 cut by Nhel. Since very little invertase activity was ot>served in the supernatant of ceils grown in 
YNBP* . It seemed likely that this level would not be sufficient for efficient cross-feeding of the Sue" 
recipient strain on saccharose and that it should be possible to scrron transformants on selective medium 
55 directly. However we thought that small amounts of glucose could be necessary to facilitate recovery of the 
transformants and fiHX^duction of invertase. 

Y. Itpolytica strain JM23 was transformed using the rapid procedure (see Material and Methods) artd 
cells were plated on YNB Ura (selection of transformants using the complementation of the auxotrophic 
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mutation Ieu2) and on YNBSfP* or YNBSaP* supplemented with uracil and leudne (selection of transfor- 
mants using Sue' phenotype). As shovm in Tabte 3, we obtaif^ 630 transformants per ug of DNA using 
the LEII2 seisction, no transformants on YNBSfP. and 350 transformants per ug of DNA on YNBSaP 
The difference between these two media confirmed our hypothesis that small amounts of glucose produced 

5 by thenmal hydrolysis of saccharose during autoctavtng was necessary and sufficient for the recovery of the 
transformants and the production of invertase. We have tested successfully this selectit^ on several strains. 
For example, using the high frequency transformation procedure (Gaillardin et at. 1985) we have trans* 
formed strains 1 1 104 and obtained 33150 transformants per ug of DMA using the Leu"^ selection and 24000 
transformants u^ng the Sue* selection (see Table 3). Selecting for Leu*, transformants gave colmies within 

10 two to three days v^ile upon Sue* selection, transformants appeared within 4 to 5 days 

Genetic analysis by Southern blotting confirmed in each case t}\at a complete plasmtd was inserted at 
the XPR2 locus. 

Table 3: Comparison o£ the txansformation efficiency of Y. 

IS 

lipolvtica strains by plasinid pIHA169 linearized by Nhel when 
selection was applied either for complementation of the 
20 auxotrophic raarJcer leu2-35 or for growth oj^ sucrose plates. The 
two transformation procedures used are described in materials anc 
methods . 



25 





TRAMSrORHATZOM 
METEQO 


STRAINS 


MEDIA 


SSUGTIOM 


1 TRAMSFORMATIOH 


30 


Rapid 
transformation 


JM23 
JM23- 


VYTBF.ura G 
YKBP«uralau 


Sa 


Lou" 
Sue*" 


1 630 crf./ug 
350 trf./ug 






JM23 


YKBP.uraleu 


Sf 


Sue"" 


0 trf./ug 


3S 


high frequency 
transformation 


11104 
11104 


VKBP. a 
YHBP.leu S 


Leu* 
Sue* 


33150 trf./ug 
24000 trf./ug 



40 



EXAAflPl-E5: 



Gene disruption of URA3 

The URA3 gene of Y. lipolytica has been cloned on a $au3A fragment of 4,2 kb and sub cloned on a 
Sail fragment in vector pUCl3. 

This vector is digested by Xhol and EcoRV and the fragments containing URA3 have deplaced by Nrut- 
Sall fragment of 3,3 kb of plNA169 containing the fused gene XPR2-SUC2 . The resulting plasmid plNA302 
(see fig. 5) contains the fused gene XPR2'SUC2 insert between 570 bp in 3' of URA3 et 400 kp of S of 
URA3 . The disrupting cassette may be exased of plNA302 by Sali and can be used for disrupting URA3 . 

Strain AHA (mat A. hisi) has been transformed by pINA 302 digested by Sail (targeting URA3 and 
disruption of locus). The transformants have tseen selected on YNB Po sucrose, histidine. uracil. 10-50 
transformants/ug were obtained. These last ones were sub cloned in isolated colonies and tested for uracil 
requirement. 30 % were ura" and the disruption has been checked by Southern blot 

The plasmid pINA 302 has t>een used to transform an £. cofi strain which has been referenced as £. 
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coli INA G. 20768. 



EXAMPLES 

5 

Qetie replacement using URA3nSUC2 dlsruptiofl 

yRA3::SUC2 disaiptions dispiay a rwn reverlif^, non leaky ura~ phenotype. This was used to 

to manipulate industrial strains which otherwise could not be easily dealt with, unless markers and possibly 
seo^ary unwanted mutations are introduced by standard mutagenesis. 

The industrial strains W29 (ATCC 20480) was transformed with pINA^ digested by Sail and SUC 
ura3~ transfomuints were isolated as befc^: one was saved and cal!^ Po. We wanted to generate a teu2~ 
marker for furttter transft^atlcn assays ami to destroy the XPR2 g^\e which mrcodes the mafor alkaftne 

/5 extracellular protease (AEP). We constructed plNA270 (see Rg. 6) which carries a complete URA3 gene 
and a deleted LEU2 qene. This was obtained by cfigestfng plNA62 (QaiHardin and Ribet, 1987) vdth Stut and 
retigating the plasmid on itself, followed by insertion of URA3 . Simitarty. we constructed plNA322 (iee fig. 
6) which carries URA3 and a deleted XPR2 gene. This was obtained by removing from the )CPR2 sequence 
the Apal fragment erxom passing transcription and translation starts as well as part of the prepros^uence 

20 of AEP. Strain Po (ura3") was transformed to URa' with plNA270 cut by NoLI . Transformants carrying the 
plasmid integrated at LEU2 were plated (10^ cells per plate) on YNB ccMitaining 15 mgl ur^le. 100 mgl 
ieucine and 1.25 g I fluorooprotic acid (5F0A). 5F0A is converted by the prodi^ of the URA3 gene mto 5- 
fluoro-UMP which is toxic to the cell. ura3 5F0A" clones appeared at a frequence of I0~* cell plated and 
were shown by Southern to result from reexcision of the integrated plasmid (Boecke et ai. 1SS4). About half 

25 of the SFOA" clones were simultaneously leu" and carried the StuI deleted LEU2 gene (Southern blot, not 
shown). One strain was saved as Pola It was then transfomaed by plNA322 cut by Mlul and URA* 
transformants were selected. The reexcision of the plasmid was selected as beforB on YNB 5F0A + 
uradle + leucine, and Aep" derivatives were isolated. They were shown by Souths to carry tjoth LEU2 
and XPR2 deletions. One strain was saved as Pold. It was then ratransformed with the Sail fragment or 

30 plNA156 carrying URA3 and URa' Sue" clones were obtained. The resulting strain Polu islsbgenic to the 
starting strain W29 except for the LEU2 and XPR2 deletions and does not carry any foreign sequence. 

Pold and a laboratory strain carrying UV induced Ieu2 and xpr2 mutations (Foumier P. et al. 1989) 'Arere 
transfonmed with a repticattve plasmid cam7ing the LEU2 gene and a AEP:porcine alpha interferon gene 
fusion (Foumier P. et at. 1989). Antiviral activity was measured using a cytopathy test and IFN protein was 

35 quantified using an ELISA test Results shown on table 4 show that the industrial strain was rndeed supencr 
to the laboratory strain. 

Table 4 : 



40 



JM23 


Pold 


antiviral 


elisa 


antiviral 


eltsa 


130 


135 


400 


m)0 



45 

The strains E. coli INA Q 20765 and E. coli INA Q 20766 have been filed on June 5. 1989 under the 
designations I 885 and I 868 at the "National Collecticm of Microorganisms" of the INSTITUT PASTEUR tn 
Paris (France). 
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Claims 

I . A hybrid DMA sequence comprising a new metabolic gene under the control of a promoter and signal 
sequence lunctionai in a Yarrowia strain. 

40 Z. A hybrid DNA sequence according to claim 1 wherein the new metabolic gene is the SUC2 gene. 

3. A hybrid ONA sequence according to claim 1 wherein the promoter and signal sequence control the 
expression of the new metabolic gene such that the product of said gene is located mainly in the periplasm 
of a Yarrowia strain. 

4. A hybrid DNA sequence according to claim 2 wherein the promoter and signal sequence control the 
4s expression of tha SUC2 gene such that the product of said ger^ is kK:ated mainly in the periplasm of a 

Yarrowia strain. 

5. A hybrid DNA sequence according to claims i to 4 wherein the promoter is the XPR2 promoter and 
the signai sequence is the XPR2 signal sequence, 

6. A hybrid DNA sequence according to claims 1 to 5 wherein the Yarrowia strain is Yarrowia Hpoiytica . 
50 7. A hybrid DNA sequence according to claims 1 to 6, flanked by DNA sequences homologous to a 

ONA region present in the genome of the Yarrowia strain. 

8. A hybrid DNA sequence according to claims 1 to 7 wherein said sequence is within a plasmid. 

9. A hybrid ONA sequence according to claim 8 wherein the plasmid comprises an ARS region effective 
in the Yarrowia strain. 

55 1 0. A Yarrowia strain transformed with a hybrid DNA sequence according to claims 1 to 9. - 

II. Use of a hybrid ONA sequence as described in claims 1 to 9 as a dominant marker for 
Iransiormation of a prototrophic or auxotrophic Yarrowia strain. 

12. A process of obtaining a Yarrowia strain capable of utilizing sucrose for growth which comprises 
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transforming said Yamowia strain with a hybrid DNA sequerice accordir^ to daims i to 9 Mierein the new 
metatofic ^ne is the SUC2 gene. 

13. A process for obtaining transformants of a Yarrowia strain which comprises transfomrur^ cells of 
said Yarrowia strain with a hybrid ONA sequence according to claims 1 to 9 and cultivating the resulting 
transformed cells under condlttons requiring the functioning of the metabolic gene of satd hybrid ONA 
sequence for growth of said ceils. 

14. A fMXX»ss accordir^ to claim 13 wher^n the Yarrowia strain is Y. fipolytica. 

15. Plasmid plNA169. 

16. Plasmid plNA302. 

17. A process for disruplir^ a gene of a Yarrowia strain which comprises transforming cells of said 
Yarrowia strain with a hybrid ONA sequence according to daim 7. 

18. A process according to claim 16 wherein the hybrid ONA sequence is within a plasmtd. 

19. A process according to claim 17 w 18 wherein the Yarrowia strain is Y.lipolytica. 



10 



EP 0 402 226 A1 




EP 0 402 226 A1 



. Hindi 



EcoRV 




Insertion of the Hnd III -EcoRV 
fragment of XFT?2 in pBR322 



B 



CLal deletion 

BamHI/Xhon EcoRV 



Sail 
Bgtll 



Jphage M13 mpl8- 



PstI Htndlll mutagenized 
7 phage 



Insertion of the mutagenised ^ 
BamHI-Sall fragment of XPR2 



EcoRV deletion 



Insertion of the LEU 2 gene 



Insertion of SUC2 



plNA 169 



wXPR2 promotor 
• .LEU2 gene 



nG.2 



EP 0 402 226 A1 




Bgin 



0 



EP 0 402 226 A1 




Time(H) 



EP 0 402 226 A1 




♦ 3,3 Kb 

3,7 Kb 




riG.s 



Esropcan Patent 
Oflfce 



EUROPEAN SEARCH REPORT 



EP 90 40 1503 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Caxag<xrj 



Otsdoa of docmu cut wHli in dtcBt ioot wfasro as^rofnistti 
of retewmt pjfciAitycs 



RdevBtt 
to daim 



CLASSmCAnON OF THE 
APPUCAT10N Oil 0.5) 



A 
A 
A 

P.X 



JOURNAL OF BASIC MICROBIOLOGY, vol . 28, 
no. 3, 198d, pages 161-174; C. 
GAILLARDIN et a1.: "Genetic engineering 
In Yarrowla llpolytica" 

EP-A-0 220 864 (PFIZER INC.) 

EP-A-0 166 659 (INRA) 

EP-A-0 261 534 (MILES LABORATORIES) 

CURRENT GENETICS, vol. 16, July 1989, 
pages 253-260, Sprlnger-Verlag, Berlin, 
DE; J.-H. NICAUD et a1.: "Expression of 
Invertase activity in Yarrowla 
llpolytica and Its use as a selective 
marker" 



1-19 



Hie precott SMOVb repwt his beeo drawa op for afl claims 



C 12 N 
C 12 N 
C 12 N 
C 12 N 
(C 12 N 
C 12 R 



15/62 
15/65 
15/81 

1/16 //I 

1/16 

1:645) 



TECH^aCAL FIELDS 
SBASCHED ObL CL5) 



C 12 N 



THE HAGUE 



20-08-1990 



VAN PUTTEN A.J. 



CATBGORY OF OTED DOCUMHVrTS 

X : paTifctlirty rdaost tf takja alooe 

Y : nrttcalariy rdtvaat tf oomUsed wf tli uotber 

docam«tt of tfw same cstegofy 
A ! tficiuioloi^al backgrousd 
O : Eu»Hirittea dtsdoson 
P : fnenncdlsta doaiment 



T : thmtj or priDct^ aadcrtytB« the lavesttoo 
E : csiilcr psisnt docomeot, bat pibiisfawi G&t c 

aftflr ttM fiUig dat« 
D ! iccBmott dted fo the appUcatioQ 
L : docoscoi cftod fof GSbo rcascas 

A I Pt B & g of ttis SBJBC jascQt fsiolty, cdTespcsdlos 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the appUcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: " 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




FADED TEXT OR DRAWING 



□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 



